Introduction
Marajó Island ( Figure 1A and B) encompasses a low-lying area up to 400 000 km 2 at the mouth of the Amazon River, where a complex network of palaeochannels is exceptionally well preserved (Bemerguy, 1981; Porsani, 1981; Vital, 1988) . Previous studies have shown that these palaeochannels are related to a large, north to northward [AQ] oriented palaeovalley resulting from tectonic reactivations in late Pleistocene to Holocene time (Rossetti and Valeriano, 2006; Rossetti et al., 2007a) . According to these authors, this palaeovalley originated when a palaeo Tocantins River was flowing north/northwestward, a direction that is opposite to its modern northeast direction in the lower Amazon mouth. This process gave rise to the opening of Marajó Bay, with a consequent separation of Marajó Island from the mainland. As the island became established, the delivery of sediments supplied
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the their controlling mechanism(s). This research was motivated by the advances in remote sensing data collection. Unlike most of Amazonia, the study area is dominated by grassland vegetation, being suitable for accurate geomorphological analysis using optical (Landsat) imagery. This approach was complemented by integrating remote sensing with sedimentologic data in order to unequivocally document the palaeochannels. This type of investigation has not been done before in the study area, and might provide significant data to discuss the causes that led to changes in channel dynamics through time, as well as the possible influence of relative sea-level fluctuation in this low-lying area of northern Brazil.
Physiography and geology
Northeastern Marajó Island is a flat-lying area with altitudes averaging 4-6 m above modern sea level. Climate is tropical, with mean annual temperature of 28°C and precipitation of 2500 to 3000 mm/yr. Vegetation is mostly primary, with dense forests and open vegetation prevailing in the west and east sides of the island, respectively, the latter displaying additionally elongated and highly sinuous belts of forest vegetation selectively developed upon slightly raised areas of palaeochannels.
Geologically, northeastern Marajó Island has been considered as part of the Pará Platform ( Figure 1A) , which corresponds to a large area of the crystalline Precambrian and sedimentary Palaeozoic substrates that remained tectonically stable relative to adjacent sedimentary basins. However, as highlighted in a previous study (Azevedo, 1991) , this platform might display narrow, but deep, troughs that are up to 3500 m deep. Lake Arari is located in a north-south elongated depression connected northward to the Mexiana Sub-basin. This sub-basin is part of Marajó Graben System ( Figure 1A ), a structure defined by NW-SE and NE-SW normal faults reactivated from basement (Azevedo, 1991; Villegas, 1994; Costa and Hasui, 1997) . The rift experienced two extensional phases. The first one is related to the opening of the Equatorial South Atlantic Ocean in the late Jurassic and early Cretaceous (Szatmari et al., 1987[AQ] ; Azevedo, 1991) , with a second, and more important, extensional episode taking place in the Aptian-Albian transition.
The sedimentary fill of the Mexiana Sub-basin ( Figure 1C ) is mostly based on sub-surface data (Galvão, 1991; Villegas, 1994) . It encompasses sandy deposits of the Breves/Jacarezinho Formations (Aptian-Cenomanian), and silty mudstones of the Anajás Formation (early Cretaceous). These units, attributed to depositional environments ranging from fluvial to shallow marine, are overlain by sandstones, mudstones and conglomerates of the Limoeiro Formation (late Cretaceous), also related to fluvialshallow marine settings (Villegas, 1994) . Tertiary deposits overlying the Cretaceous succession consist of mixed siliciclasticcarbonates of the Marajó Formation (Palaeocene-Eocene), as well as of the Pará Group (Miocene to Holocene), altogether included in transitional to shallow marine depositional settings. The latter encompasses sandstones of the Tucunaré Formation and mudstones of the Pirarucu Formation, which are age equivalent to the Barreiras Formation and the post-Barreiras sediments recorded in the surface (Rossetti et al., 1989 (Rossetti et al., , 1990 Rossetti, 2000 Rossetti, , 2001 .
The Barreiras Formation and post-Barreiras sediments are exposed along coastal cliffs in eastern Marajó Island. In this area, A) 4(Red), 5(Green), 7(Blue) Landsat composition (A) and corresponding map (B) of the palaeodrainage networks preserved on both sides of Lake Arari, northeastern Marajó Island. Note the dominance of a drainage system consisting of wide and continuous palaeochannels to the east of the lake, which contrasts with more segmented palaeochannels to the west. Observe also, in the eastern sector, a drainage network consisting of relatively narrower channels locally superimposed upon wider palaeochannels. These two figures also show that Lake Arari parallels a much larger palimpsest funnel-shaped geomorphologic feature that is typical of an estuary, with its mouth to the north. A set of parallel structures is seen in the inner margin of this feature, which resembles lateral accretion bars. (I-II locates the profile presented in (C) and the numbers locate the studied drills, except for number 4 that locates a trench). (C) A topographic profile obtained from SRTM digital elevation data illustrating a large area to the north in the western sector that is slightly more depressed than the terrains located to the south (see (A) for profile location). The three highest topographic peaks are caused by the selective development of forest vegetation over palaeochannels 11-091798-Rossetti.qxd 4/30/2008 6:25 PM Page 3
the post-Barreiras deposits are only a few metres thick, but this unit becomes rapidly thicker westwards in the sub-surface, reaching up to 120 m in the Arari Lake area, where it unconformably overlies sandstones and mudstones of the Barreiras Formation.
Methods
The geomorphological characterization presented in this paper was based on analysis of Landsat 5-TM INPE) and Landsat 7-ETM+ GLCF) images, acquired in August 2001. These scenes were free of clouds in most of the eastern side of Marajó Island, favouring their use for the detailed geomorphological mapping proposed here. A R(Red), G(Green), B(Blue) band composition scheme was applied using the SPRING software. The composition 4(R), 5(G), 7(B) revealed the palaeochannels with a higher degree of precision when compared with other Landsat optical compositions because of its spectral contrast relative to surroundings areas. The processed Landsat images obtained provided a better visualization of the features of interest than any other radar products, such as L-band synthetic aperture radar images of the Japanese Earth Resources Satellites (JERS-1) and interferometric synthetic aperture radar (InSAR) from the Shuttle Radar Topographic Mission (SRTM). Despite limitations, the latter data were additionally used in this work for providing digital elevation models in places with good resolution.
The sedimentological data consisted of detailed descriptions of cores collected with shallow drills using a RKS percussion drilling system, model COBRA mk1. This system allowed sampling of cores with 5 cm diameter up to a depth of 24 m. Descriptions included definition of sedimentary features based on lithology, structure (physical and biogenic) and the vertical facies distribution. The sedimentary facies were properly photographed and recorded in lithostratigraphic profiles.
The chronology was based on radiocarbon analysis undertaken at the Beta Analytic Radiocarbon Dating Laboratory. Samples of peat, wood and organic sediments were dated by scintillation spectrometry or, for small samples, accelerator mass spectrometry (AMS). The samples were pre-treated with acid to remove carbonates and weaken organic bonds, washed with alkali to remove secondary organic acids, and then combined with acid again to provide more accurate dating. Conventional 14 C ages were calibrated to calendar years using the Pretoria Calibration Procedure program, based on tree-ring data as calibration curves (Talma and Vogel, 1993) .
Geomorphology
The area surrounding Lake Arari displays a set of geomorphological features that include palaeochannels and sandy bars, the latter mostly developed in its eastern margin (Figures 3 to 5) . The palaeochannels vary in size when both sides of the lake are compared. Hence, the area located to the east contains a series of welldefined and highly continuous channels displaying widths up to 1.2 km, with an average between 0.6 and 0.9 km (Figures 2A, B, 3A , B). These are interconnected, configuring an anastomosing to meandering pattern, with channels showing a main northeast/southeast orientation. Floodplain areas between channels might present lakes >4 km in length. An interesting feature on this side of the lake are sets of sandy bars elongated in a main north-south direction, which parallels the lake margin but continues southward beyond the lake boundaries, delineating the margin of the palimpsest estuarine channel morphology upon which Lake Arari became established (Rossetti et al., 2007b) . Two main palaeochannels in the centre of this sector are sharply truncated by these bars. A few narrower palaeochannels averaging 0.2 km wide are observed in the northeast part of this sector, where they cross over the wider palaeochannels, and also over each other (see Figures 2A, B and 4A) .
To the west of Lake Arari, there are two well-defined palaeodrainage networks. One consists of palaeochannels as wide as the ones of the eastern sector, but with channels that are less continuous, resulting in several isolated segments with straight edges that are particularly abundant in the middle and northern part of the sector (Figure 2A and B). These areas have slightly lower topography than nearby terrain, as indicated by the digital elevation model (DEM) obtained from SRTM data ( Figure 2C ). The depressed areas coincide with features known in Marajó Island as mondongos, referring to lands that remain flooded all year round. Modern channels wider than average, and which grade into irregular ponds, are present in this area ( Figure 4B ). More continuous, also larger (up to 1.6 km wide), palaeochannels occur to the west in this sector. Although less defined than in the eastern sector, this drainage network displays many channels that are also northeast/southwest oriented, with some channel confluences indicating northeastward palaeoflows. The other palaeodrainage network from the western margin of Lake Arari is formed by a myriad of narrow channels ( Figure 4C ) that are locally superimposed upon wider palaeochannels, partially obliterating their presence on the landscape.
In the western sector, there are both wide and narrow palaeochannels that are either laterally displaced or suddenly interrupted by modern rivers that follow an overall straight pattern ( Figure 4C to F). Where lateral channel displacements are observed, strike-slip faults with dextral motion are suggested (Figure 4C, D and E) .
In addition to the palaeodrainage networks that occur on both margins of Lake Arari, there are a few palaeochannels within the shallower part of the lake that correspond to the seaward-most portion of the Arari palaeoestuary ( Figure 5 ). These palaeochannels show good continuity with those from the western margin of the lake. Figure 2C (single head arrows = channels wider than average; double head arrows = average channels). Note that channels flow into irregular ponds (northeast side of the image, where water is indicated by blue colors. (C) Palaeodrainage (shown in bright orange) consisting of a myriad of narrow palaeochannels superimposed upon wider palaeochannels, eastern sector of the study area. The inset box indicates a palaeochannel disrupted by a fault with lateral offset, whose plane can be traced northward into a straight modern channel (double head arrow). (D) and (E) Landsat image (D) and corresponding drawing with the interpretation (E) of a wide palaeochannel disrupted by a fault with lateral offset. (F) A wide palaeochannel complex (dotted lines) sharply truncated by a straight modern river (arrows). The palaeochannel disappears northward for a distance of more than 2 km. All figures were obtained from a 4(R), 5(G), 7(B) Landsat composition, except for (B), which is a 5(R), 4(G), 3(B) composition 11-091798-Rossetti.qxd 4/30/2008 6:25 PM Page 5
Seven drills with continuous cores were available for this study ( Figure 6 ). Four of them are from the western side of Arari Lake, with one recording a wide (drill #1) and a narrow (drill #5) channel morphology, and the other two (drills #2 and #3) derived from interchannel areas. The fifth drill (drill #6) was collected within the northern part of Lake Arari. Another two drills were obtained in the eastern side of the lake, one (drill #7) recording a wide channel morphology right at the margin of the lake, and the other (drill #8) recording an area southeastward of Lake Arari. Additionally, a trench (#4 in Figure 2 ) was made around 1.7 km south of drill #3.
Analyses of cores obtained on the narrow and wide palaeochannel morphologies revealed sedimentary successions encompassing sandy, streaky to wavy heterolithic, and muddy facies ( Figure 7A-C) , typically configuring fining upward trends. Cores on wide palaeochannels did not reach the base of the successions. However, the recorded deposits are up to 18 m thick, and mostly include sandy portions formed by several, 2-4 m thick, sharp-based cycles with normal grading of coarse to medium and fine to very fine grain sizes ( Figure 6 , profiles 1 and 7). Upward, the sandy deposits grade into heterolithic and muddy deposits, characterizing overall fining upward cycles. The sedimentary record of the narrow palaeochannel indicates a main, sharp-based ( Figure 7D The sandy facies ranges in colour from medium grey to brown in the sub-surface and, more rarely, white to pale yellow and yellow to dark brown near the surface due to iron staining. Sands are, in general, well to moderately sorted, rounded to subrounded, micaceous, and fine-to medium-or medium-to coarse-grained. When present, the dominant sedimentary structure consists of parallel and cross-lamination or cross-stratification ( Figure 7A) ; otherwise sands are massive. Mud drapes and/or highly frag- Parallel-laminated sand Figure 7A ) are often observed mantling laminations, foreset packages and set boundaries. Double mud drapes configuring alternating thicker and thinner sand bundles are also present ( Figure 7F ). The muddy deposits at the top of the sandy fining upward cycles consist dominantly of thin streaks or lenses of wellsorted, brownish massive muddy silt to fine grained sands, greenish grey and grey massive mud, and heterolithic facies. Sandier heterolithic deposits locally form flaser bedding. The heterolithic deposits may grade into either massive or laminated mud facies ( Figure 7C ) that may contain dispersed plant debris ( Figure 7G ).
The cores obtained on interchannel areas are dominantly muddy, comprising greenish grey and grey laminated and massive mud, endured green/yellow to brownish massive mud, brownish massive muddy silt, and heterolithic facies. These lithologies are similar to the ones recorded at the top of the fining upward cycles described above. Plant debris and fragments of coal are present in several places throughout the profiles, and peat deposits ( Figure  7H ) were recorded between 2-4 m and 11.3-13.2 m in drill #3, and between 3 and 3.7 m in drill #8.
The muddy deposits in drills #2, 6 and 8 are overlain by muddy horizons that are frequently interbedded with layers and lenses of well-sorted, fine-to very fine-grained sands and are locally present within the muddy deposits, forming either fining or coarsening upward cycles up to 5 m thick.
Radiocarbon age and stratigraphy
Twenty samples were dated using radiometric or AMS dating. Together with mapping of discontinuity surfaces (Figure 6 ), the results (Table 1 ) establish the following stratigraphy for the studied deposits, represented by three units.
The lower unit comprises mudstones with plant debris that are interbedded with fining upward sand layers recording radiocarbon ages between 55 082 (±12 354) and 41 582 (±1432) 14 C yr BP. The top of this unit is marked by a palaeosol characterized by endured, oxidized, greenish to brownish and yellowish massive deposits having fragments of pyritized biogenic tubes and pebbles of sandstones. An irregular discontinuity surface with a relief of several metres (at least 14 m, considering the recorded profiles) separates this unit from overlying deposits.
The intermediate unit consists of muddy deposits that are interbedded, at the base, with either heterolithic or sandy deposits, forming coarsening upward cycles. In drills #1 and 7, these strata are coeval with cross-stratified and flaser laminated sands that fine upward. Radiocarbon ages recorded in this unit range from 10 577 (±43 14 C yr BP and 6300 (±80) 14 C yr BP. The upper unit follows the same overall lithological pattern as observed in the intermediate unit. Even where lithology does not change, a sharp surface with up to 2 m of relief (considering only the recorded profiles) is recognized, separating deposits that are slightly oxidized below from deposits with no evidence of oxidation above. Recorded radiocarbon ages range from 6190 (±60) 14 C yr BP and 3500 (±40) 14 C yr BP.
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Interpretation of the depositional setting
The mapping of palaeochannels in the Lake Arari area based on Landsat imagery allowed us to distinguish, for the first time, two palaeodrainage systems consisting of channels that were considerably wider and sandier than the average channels present today in that area. These characteristics are consistent with comparatively higher-energy palaeoflows during the latest Quaternary. The fact that the palaeodrainage system composed of narrower channels is superimposed upon the palaeodrainage system with wider channels, locally cutting through them, is good evidence that the latter had an earlier stage of development with respect to the narrow palaeochannels. Analsysis of sedimentary facies and the stratigraphic architecture helped to further demonstrate the nature of these depositional environments.
Despite the presence of a discontinuity surface between the intermediate and upper units, the radiocarbon ages indicate that these units are genetically related, as no significant time gap exists between them. Therefore, the discontinuity surface at the base of the upper unit is related to a short break in sedimentation due to an authochtonous process related to environmental dynamics. For this reason, they will be analysed together here as part of a contemporaneous depositional system.
Intermediate and upper units
The sedimentological analysis of the upper unit reveals typical fining upward successions, indicative of decreasing flow energy, in places where channel morphologies were mapped in surface. Although such lithological organization is present in a variety of depositional settings, the channel morphology assures that these deposits record upward decreasing energy associated with confined, channelized flows, as typical of many channel deposits (Miall, 1985) . Drills #1 and #7 illustrate two wide channel morphologies in the uppermost unit, with thicker (at least 18 m thick) sedimentary successions relative to the uppermost fining upward sandy succession recorded in drill #5 (where a narrow channel morphology is observed). The wider channels, however, display sedimentary successions that result, in fact, from amalgamation of fining upward sandy cycles, with a break in sedimentation being suggested between 9 and 10 m depth. This suggests that the channels were not continuously filled. After filling, the channels became progressively abandoned and filled with muddier deposits, forming the uppermost portions of the fining upward successions. Hence, the lower sandy portion of the channel succession is attributed to higher energy sediment bedload deposition during active channel development, while the upper muddy deposits are related to sediment deposition from suspensions during channel abandonment, when flow energy was dominantly low.
Mud drapes mantling foresets and cross-set boundaries in sandy channel deposits can be produced in a variety of settings whenever mud is available and the flow fluctuates, allowing alternation between sand deposition and mud settling from suspension. Frequent mud drapes, however, indicate constant variations in flow velocity, which is naturally found in tidal settings. The frequent mud drapes in deposits representative of wide channels and, in particular, the double mud drapes configuring alternating thicker and thinner sand bundles, resemble many features attributed to the action of tidal current fluctuations (Boersma and Terwindt, 1981; Mowbray and Visser, 1984; Yang and Nio, 1985; Leckie and Singh, 1991; Shanley et al., 1992; Hori et al., 2001; Plink-Bjorklund, 2005) . The good to moderate sorting, good roundness and dominantly fine grain sizes are sedimentary features that conform to a coastal location for these drainage systems. Additionally, the high degree of bioturbation, with probable Ophiomorpha traces, as observed in a trench representative of narrow channel deposits, is also consistent with a coastal influence. Thus, although core data provide only limited information concerning the sedimentary features, the available information supports the theory that the studied palaeochannels were formed, at least in part, in a coastal setting, and most likely under the influence of tidal currents.
Below channel successions, or where channel morphology is absent in the surface, low energy muddy deposits prevail. Considering the proposed interpretation of tidal influence in the channel deposits, the muddy counterparts might include deposits related to adjacent muddy tidal flats and mangroves. Our on going palinologic studies reveal the frequency of Rhyzophora pollens throughout the intermediate and upper units, which confirms this interpretation. However, the coarsening upward sandy cycles at the base of the intermediate unit, and their upward gradation into muddy deposits that may reach up to almost 12 m thick, lead to propose a standing body of water of low energy, with episodic sand inflows. Despite the limited core information relative to the size of the study area, the tidal influence, the occurrence of Rhyzophora pollens, and the palimpsest estuarine morphology recognized in Lake Arari area (Rossetti et al., 2007b) , together defend the hypothesis that these muddy deposits might have been formed also in central estuarine basins. Either riverine or tidal inflows could have produced suspended lobes as bayhead deltas or tidal deltas and washovers, recorded by coarsening upward cycles. Additionally, lacustrine paludal sedimentation is expected to occur in the uppermost portions of cores, for instance the one located within Lake Arari.
Lower unit
Based only on facies interpretation, the lower unit does not seem to record any abrupt change in depositional conditions. Like the uppermost two units, this unit records settings displaying low energy flows that alternated with higher energy flows, responsible for deposition of muds and sand layers, respectively. The latter could be related to shallow channels, given the sharp base and the fining upward nature. These deposits, however, show no evidence of tidal reworking, which could be taken as an indication of an increasing influence of continental conditions, probably with a higher proximity to fluvial inflows. Thus, the interbedded mud deposits would be more properly attributed to flooplain settings, though eventually it could include also lacustrine and paludal deposits. The presence of and, particularly, the significant relief of the stratigraphic surface at the top of the lower unit, its association with ferruginization and palaeosol formation, and the relatively older (late Pleistocene) radiocarbon ages, all indicate that these deposits record a separate depositional episode in Lake Arari area.
Depositional history and linkage to relative sea level
This work leads to the conclusion that the study area had a very dynamic depositional evolution during late Pleistocene to Holocene time. The physical environment changed from one with increased continental influence to a tidally influenced setting, which evolved, in turn, to the lacustrine and associated paludal system represented by Lake Arari and nearby areas. This stratigraphic framework points to a transgressive phase taking place in the early Holocene to late mid-Holocene. Subsequently, there was a return to the more continental conditions that prevail today in this study area. The implications of this architectural reconstruction for approaching the causes of relative sea-level changes are discussed below.
Reconstructing the late Quaternary relative sea-level behaviour along northern Brazilian coastal areas and particularly deciphering the main controlling mechanism (eustasy, tectonics or sediment supply), are issues that need further information. Pollen data have indicated an early-to mid-Holocene relative sea-level rise similar to the modern one in the states of Maranhão (Behling and Costa, 1997) and Pará Costa, 2000, [AQ]2001; Behling, 2001; Behling et al., 2001a,b; Vedel et al., 2006) . In addition, many of these studies have suggested a mid-Holocene relative sealevel low, followed by a transgression, from the mid to late Holocene on the northern Brazilian coast. An increased relative sea-level has been also reported for the past decades in the Bragança Peninsula, northeastern Pará (Souza Filho and Paradella, 2003; Cohen et al., 2004 Cohen et al., , 2005a .
Based on these studies, it can be concluded that, except for a short mid-Holocene regression, the northern Brazilian coastal areas have remained under an overall transgression since, at least, the early Holocene. The data presented here lead us to state that, whatever happened along the coastline, the effect of this main transgression is not reproducible inland in northeastern Marajó Island. In fact, there was a time for relative sea-level rise before the late to mid Holocene, as recorded by the deposits of the intermediate unit. Deciphering when this transgression started is problematic with the available data. A previous publication had established that the palimpsest estuarine morphology preserved in the Lake Arari area results from a transgressive event initiated during the late Pleistocene. However, during the late Holocene, the study area started to prograde, a process that would have culminated with estuary abandonment and the modern establishment of lacustrine to paludal conditions. The change to more stagnant lacustrine conditions may have favoured local formation of peat deposits on the lake bottom.
The change in drainage network from wider to progressively narrower channels through Holocene, as recorded in the study area, supports the above interpretation. The wider palaeochannel deposits indicate a minimum age of 8770 (±110) 14 C yr BP, though they might have started to be filled with sediment earlier, as the base of these deposits was not reached. The sharp truncation of these palaeochannels at the Lake Arari edge suggests that the beginning of channel sedimentation pre-dated the main phase of lake sedimentation. In particular, the fact that the wide palaeochannels are truncated by the bars in the inner side of Lake Arari is an indication that they were active before lateral bar migration took place, which mostly likely occurred when the palaeoestuarine system was converted into a lake depositional setting. Thus, the wide palaeochannels were, at least in part, contemporaneous to the palaeoestuary and early stages of the lake establishment. As the lake evolved, the wide palaeochannels also started to be abandoned in the landscape. As this process took place, these channels no longer developed inland in northeastern Marajó Island because they were replaced by a much narrower drainage system that eroded, in part, the pre-existing one.
The narrow channels were formed in the late Holocene, as indicated by the fact that they cut into deposits with recorded ages of 3500 (±40) 14 C yr BP and 5863 (±36) 14 C yr BP. Such a change could reflect a climatic gradation towards progressively more arid conditions, with decreasing humidity promoting reduction in channel size. The history of climate fluctuations in the Holocene in this area has not been reconstructed yet, but data available from other areas of the Brazilian Amazonia have indicated an opposite pattern of increased humidity since the beginning of the Holocene (Baker et al., 2001; Sifeddine et al., 2001; Rossetti et al., 2004 Rossetti et al., , 2005 , which would have ultimately led to expansion of the rainforest as we see today. Under such climatic conditions, and disregarding all other factors, variation from narrow into wide rivers would be expected, contrary to what has been recorded for the study area. Linking the low relative sea level to a low eustatic episode in this instance would be inconsistent with the overall trend for a rise in sea level during the Holocene worldwide (Mörner, 1996) . This hypothesis is also inconsistent with the above-cited reconstructions of an overall Holocene transgression for northern Brazilian areas, again all other factors remaining constant.
Considering the improbability of all the above-mentioned factors to explain the evolution of the drainage system reconstructed in northeastern Marajó Island, a tectonic influence remains as the most likely. Numerous publications have highlighted the importance of neotectonics related to fault reactivations in the Quaternary evolution of the north equatorial Brazilian margin and related areas of Amazonia (Costa et al., 1993 (Costa et al., , 1996 (Costa et al., , 2001 Souza Filho, 2000; Souza Filho et al., 2000[AQ] ; Bemerguy et al., 2002; Souza Filho and Paradella, 2003; Rossetti and Valeriano, 2006; Rossetti et al., 2007a, b) . Even a small offset along fault planes has the potential to imprint a significant rearrangement of drainage patterns in this lowland area. Palaeochannels that are either laterally displaced or sharply interrupted by modern straight rivers constitute solid evidence for the influence of recent fault displacements in the western sector of the study area. Additionally, the numerous segments of palaeochannels with sharp edges in this sector and their association with naturally depressed areas are highly consistent with this interpretation, pointing to locally subsiding areas. The presence of modern channels, anomalously wider than average, coinciding with these depressions conforms to this proposition.
Although a detailed tectonic study is beyond the scope of this work, a preliminary model can be hypothesized as the most likely to explain the recorded changes in drainage patterns through Holocene in Marajó Island. As highlighted in a separate publication (Rossetti et al., 2007b) , and mentioned above, the establishment of a palaeoestuary in the Lake Arari area and its abandonment is related to the late-Quaternary tectonic history of the island, which became detached from continental areas as Marajó Bay, formed in the lowest Tocantins River, opened along a NE-SW oriented strike-slip fault zone (see also Costa and Hasui, 1997) . After a relative sea-level rise that resulted in the estuary infill, the network of mostly southeastward-flowing wide channels was developed over the study area. However, as the continental inflow was cut off and the estuary became abandoned, wide channels could no longer persist, becoming also progressively abandoned in the landscape. This process of channel abandonment might have coexisted with establishment of Lake Arari. In the late Holocene, relatively higher lands adjacent to subsiding areas of the eastern sector were prone to develop a network of narrower channels. The continuity of some of these palaeochannels over areas located to the north of Lake Arari shows that this area was probably already emerged since this drainage system developed.
Final remarks
Detailed mapping and sedimentary characterization of palimpsest drainage systems based on integration of remote sensing and core data information indicate a dynamic evolution of physical environments in northeastern Marajó Island during the Holocene. As opposed to an overall rise in relative sea level, as recorded in several localities along the northern Brazilian coast during this period, the study area seems to have been under the effect of an overall lowering in relative sea level since the late Holocene. This is suggested by the progressive abandonment of an estuarine system that gave rise to a lake surrounded by a drainage network of wide channels, which became progressively narrower through time. Considering the very low-lying nature of the study area, where the mean relief is around 4 to 6 m above modern sea level, it would be expected that even a slight rise in sea level of a few metres would result in significant shoreline retreat and flooding of land areas. As this seems not to have happened in the study area, it can be concluded that either the relative rise in sea level recorded along the northern Brazilian coast was not significant enough to leave imprints in inland areas of northeastern Marajó Island, or the rise was locally compensated by another influencing factor.
The data presented here is in agreement with previous studies that propose tectonics as an important mechanism to have determined the distribution of Holocene deposits along the northern Brazilian coast. Despite the overall rise in sea level since the early Holocene, the relative sea level varied from place to place, being controlled mostly by local fault reactivations. 
